Suppurative mediastinitis after open-heart surgery: a comparison between cases caused by Gram-negative rods and by Gram-positive cocci  by Rodríguez-Hernández, M.J. et al.
ORIGINAL ARTICLE 
Suppurative mediastinitis after open-heart surgery: 
a comparison between cases caused by Gram-negative 
rods and by Gram-positive cocci 
A4. J. Rodrr@ex-Hern6ndez1, A. de Alarcdn', J. A4. Cisneros', I .  Moveno-Magueda', 
S. Marrero-Calvo2, R. Leal3, I? Camacho3, R. Montes4 and]. Pachdnl 
'Infectious Diseases Uni t ,  'Radiology Service, 'Intensive Care Service, 4Cardiovascular Surgery 
Service, Hospital Universitario Virgen del Rocio ,  Seville, Spain 
Objective: To compare clinical characteristics and risk factors of suppurative postsurgical mediastinitis according to 
its etiology. 
Methods: Suppurative postsurgical mediastinitis developed in 45 (2.5%) of 1779 patients who underwent open-heart 
surgery at the Hospital Virgen del Rocio in  Seville, Spain, from 1986 to  1996. Microbiological diagnosis was available in 
42 patients. 
Results: Gram-negative rods were isolated in 19 cases and Gram-positive cocci in 23 cases. Seventeen isolates (38%) 
were sensitive to  the antimicrobial agent used perioperatively. Patients with Gram-negative rod infection had a longer 
duration of bypass (127t36 min versus 96234 min, p<O.OI), and a worse postoperative condition. Longer mechanical 
ventilation (427 days versus 1?2 days, p<0.05) and concomitant infection in a remote site (pulmonary and/or urinary 
infection) were more frequently observed in this group than in  patients with Gram-positive infections (58% versus 22%, 
pi0.05). Twenty patients (51%) were bacteremic. The mortality rate was 20% (five of 45). 
Conclusions: Preventable postoperative remote-site infection may lead to mediastinitis, especially if Gram-negative 
rods are involved. 
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I NTRO D UCTl ON 
Post-sternotomy suppurative mediastinitis (PSSM) is a 
rare but devastating nosocomial infection in open-heart 
surgery, with serious health and economic consequences 
[ 1,2]. Regardless of adequate surgical and medical 
treatment, PSSM causes long hospital stays, and the 
associated mortality ranges from 14% to 35% according 
to recent reports [3-61. Associated complications are 
produced by hematogenous and local spread of the 
infection (pericarditis, pseudoaneurysm and thrombosis 
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of the grafts, infections of the intracardiac and aortic 
fissures, prosthetic endocarditis and sepsis) [7-91. Com- 
plications of late onset are fibrous mediastinitis, sternal 
osteomyelitis and costochondritis (9.5%) [lo-121. 
The clinical characteristics, risk factors, pro- 
phylaxis with antimicrobials and surgical treatment of 
PSSM have been the subject of many studies [13-231. 
Nevertheless, there are no wide comparative studies 
analyzing the clinical characteristics and risk factors for 
PSSM according to its etiology. In the present report, 
we compare the PSSM caused by Gram-negative rods 
(GNR) with that produced by Grain-positive cocci 
(GPC). 
PATIENTS AND METHODS 
Study population 
We reviewed the clinical reports of patients with open- 
heart surgery and PSSM from 1988 to 1993 at the 
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hospital Virgen del Rocio, a 1800-bed community and 
academic teaching institution in Seville, Spain. From 
1994 to 1996 all cases detected of PSSM were pro- 
spectively evaluated. 
Preoperative preparation 
The skin was prepared by wet shaving, two applications 
of 5% chlorhexidine gluconate and, immediately before 
surgery, painting with 1% iodine in alcohol. All patients 
received intravenous antibiotic perioperative pro- 
phylaxis, beginning 1 h before surgery and continuing 
until the thoracic drainage tubes had been removed 
(1988-92) or for 48 h (1993-6). Cefuroxime (1.5 g/ 
8 h) was employed in 3989-91; this was then restricted 
to coronary artery bypass grafting (CABG) cases, while 
others received vancomycin (1 g/12 h) plus ceftriaxone 
(1 g/12 h) during 1991-3; in 1993, the regimen of 
vancomycin only for all patients was adopted. Study of 
the serum concentrations achieved during surgery in 20 
patients in 1991-2 indicated that adequate bactericidal 
concentrations of vancomycin and ceftriaxone were 
achieved, but concentrations of cehroxime 8 h after the 
initial dose (mean 7.73 k 1.4 mg/L) were not effective 
for lulling most of the G N R  and GPC isolated. 
Operative technique 
The operative procedure was through a median sterno- 
tomy with cardiopulmonary bypass and systemic 
hypothermia (25-28OC). No patient had active 
infection before the surgical intervention. 
Definition of infections 
The diagnosis of PSSM was established according to the 
criteria proposed by the Centers for Disease Control 
(CDC) [24]. The C D C  criteria were also used to 
classify other infections [25]. The diagnostic time of 
PSSM was defined as the interval between the initial 
sternotomy and the diagnosis of PSSM by the physician 
attending the patient or the onset of the earliest 
recorded clinical manifestation. 
Microbiology 
Cultures of purulent exudate were obtained from 
surgical wounds if dehiscence was present, or from the 
mediastinum during surgical intervention. Needle 
aspiration of the anterior mediastinal space was 
employed when a diagnosis of sternal infection was 
highly suspected but not established by other means. 
Blood cultures were obtained in most cases and were 
routinely performed during the prospective period. 
Blood was inoculated directly into bottles of BACTEC 
NR730 (Becton-Dickinson, Cockeysville, MD). Speci- 
mens taken during surgery were transported im- 
mediately to the bacteriology laboratory in a closed 
syringe or on modified Carey-Blair transport medium. 
Wound specimens were incubated under aerobic and 
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Figure 1 Annual distribution and etiology of mediastinitis 
R o d r i g u e z - H e r n a n d e z  e t  a l :  S u p p u r a t i v e  m e d i a s t i n i t i s  a f t e r  o p e n - h e a r t  s u r g e r y  5 2 5  
anaerobic conditions, and isolates were identified by 
standard niicrobiological techniques. 
Statistical analysis 
The Kruskall-Wallis test was employed for the analysis 
of continuous variables and the chi-squared tests (or 
exact Fisher tests of two tails, when necessary) for the 
dichotomous variables. The data were analyzed accord- 
ing to the group of microorganisms producing the 
wound infection (GNR or GPC). 
Epidemiologic characteristics 
During the study period, 1779 patients underwent 
open-heart surgery in our hospital. Forty-five patients 
(2.5%) developed PSSM. There were no apparent 
epidemic clusters (Figure 1). Among these 45 patients, 
35 (78%) were males and the mean age (mean? SD) was 
57-t.10 years (range 24-76 years). CABG was per- 
formed in 24 patients (53.3%), and valve replacement 
in 16 (35.5%) patients. The mean2SD duration of 
surgery was 5.1521.46 h (range 3-8h), with a 
mean? SD cardiopulmonary bypass time of 105 C 
47 min (range 56-198 min). Seven patients (15.5%) 
required emergency reoperation, six patients for 
mediastinal bleeding and one patient for sternal 
dehiscence, without mediastinitis. Total postsurgical 
Table 1 Bacteriologic findings and  sample from which isolated 
stay (mean+SD) in the intensive care unit was 21 ?26 
days (median 8, range 1-102 days). 
Among 910 valve replacements, early prosthetic 
endocarditis was diagnosed in 1 1 patients (1.2%). 
Microbiological characteristics 
The microbiological diagnosis was available in 42 of the 
45 patients (93%). In four cases, two organisms were 
isolated from mediastinum or wound exudate. Twenty- 
three isolates were Gram-positive and 18 were Gram- 
negative. One patient presented a mixed etiology 
(Enterococcus faecalis and Enterobacter cloacae). Blood 
cultures were obtained in 39 patients and were positive 
in 20 (51%). Bacteremia was documented more fre- 
quently in patients with Gram-positive infections 
(14120, 70% versus 6/17, 35%) although no statistical 
differences were found. Twenty-five isolates from the 
45 sternal infections (55.5%) were resistant to the 
antibiotic prophylaxis (1 8 Gram-negative and seven 
Gram-positive organisms). Bacteriologic findings are 
shown in Table 1. 
Clinical and radiologic features 
Clinical manifestations were: fever (n=41,  Yl%), 
purulent exudate with wound dehiscence (n=38, 
86%), sternal instability (n=33, 73%), and spontaneous 
pain in the surgical area (n=30, 67%). Clinical features 
were similar in both group of pathogens. The time of 
Sample from which isolated 
Positive/total made ("h) 
Organism 
Nonsurgical Surgical 
No. cases' wound exudate mediastinum exudate Blood 
(42/45) 40/44 (91%) 20123 (87%) 20/39 (51%) 
Gram-positive cocci 23 2 1 /23 13/14 14/20 
Staphylococcus aureusb 12 12 6 8 
Staphylococcus epidermidis 10 8 6 5 
Enterococius faecalis 1 1 1 1 
Gram-negative rods 18 18/18 718 6/16 
Kkbsiellu pneuwioniae 3 3 1 0 
Enterobacter cloacae 6 6 2 3 
Acinetobaiter baitmarinii 2 2 0 0 
Serratia marcexens 2 2 2 1 
Profens mirabilis 1 1 0 0 
Pseudomonas aeruginosa 1 1 0 0 
Klebsiella pneirrrroniae and Acinetobaiter baumannii 1 1 1 1 
Citrobacterfreundii and Morganella moyanii 1 1 0 0 
Enterobacter cloacae and Acirretobaiter baumannii 1 1 1 1 
Mixed 1 1/1 o/o 1/1 
Enterobactrr cloacae and Enteroiocius farialis" 1 1 0 1 
No diagnosis 3 0/3  o/ 3 o n  
aNumber of cases with etiologic diabmosis. 
bThree isolates were methicillin resistant. 
'This case was included for analysis in the GNR because bowel origin was suspected for both microorganisms. 
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Table 2 Comparison of risk factors between Gram-negative rods and Gram-positive cocci as etiologic agents of mediastinitis 
Variable 
Gram-negative rods” Gram-positive cocci 
(n=19) ( n  =23) 
No. (“A) No. (“h) 
MeantSD Mean&SD P 
Preoperative factors 
Age (years) 56 (36-65) 
Prior debilitating disease 12 (63%) 
Diabetes niellitus 4 (21%) 
COPDb 4 (21%) 
Preoperative hospital stay (days) 23214 
Intraoperative factors 
Coronary revascularizationC 
Valve replacement 
Other surgeryd 
lhration of bypass (niin) 
13 
5 
I 
127+.36 
57 (24-76) 
13 (56.5%) 
4 (17.5%) 
5 (21.7%) 
22214 
9 
11 
3 
96+34 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
0.008 
Postoperative factors 
ICU stay‘ (days) 7&7 7 2 8  NS 
Drainage time (days) 3 2 2  3 f 2  NS 
Keoperation 3 (15.7%) 3 (13%) NS 
Concomitant infection 11 (58%)f 5 (22%) 0.03 
Urinary infection 5 (26%) 2 (8.6%) NS 
Pulmonary infection 8 (42%) 3 (13%) 0.04 
NS Prosthetic endocarditis 
Ventilator time‘ (days) 4 2 7  1 2 2  0.02 
0 (0%) 2 (8.6%) 
”One patient with Enterococrtrsfaecalis and Enferobacfer cloacae isolates is included in this group. 
bChronic obstructive pulmonary disease. 
5 i x  patients with left mammary artery graft, eight patients with saphenous vein graft and 10 patients with both grafts. Two patients with 
both grafts had negative cultures. 
dFour patients with congenital cardiopathy and one patient with cardiac transplantation. One patient had negative cultures. 
‘Before memastinitis. 
‘Au the isolates were GNR. The same GNR was isolated from mediastinum and another focus in seven patients, pulmonary focus in five 
patients and urinary focus in two other patients 
diagnosis (meankSD) was 10+9 days (median 7; range: 
1-44 days) and the most frequent initial symptom was 
fever. Patients with Gram-negative infections were 
diagnosed earlier (7+6 days, median 6) than those with 
Gram-positive isolates (1 1 & 10 days, median 8, 
Comparing the risk factors for the development of 
this complication (Table 2), mediastinitis caused by 
G N R  was significantly associated with a longer dura- 
tion of mechanical ventilation prior to diagnosis (4+ 
7 days versus 1 t 2  days, p<0.05) and with the existence 
of another focus of infection (11/19 versus 5/23, 
p<0.05). Eleven cases (58%) of PSSM caused by G N R  
had concomitant infections at  other sites, normally 
detected before mediastinitis. G N R  were also isolated 
in these foci: six patients with pulmonary infection, 
three patients with urinary infection and two patients 
with concomitant pulmonary and urinary infections. 
In seven cases the microorganism cultured from distant 
sites correlated with that found in the sternal wound. 
In contrast, only five patients (22%) with PSSM caused 
p<0.05). 
by GPC had another infection. Two of them had an 
infection produced by GNR:  one patient with urinary 
infection and another patient with pulmonary and 
urinary infection. In the three remaining patients, the 
same GPC was isolated: one patient with pulmonary 
infection (Staphylococcus aureus) and two patients with 
early prosthetic endocarditis caused by Staphylococcus 
epidermidis. 
Coronary revascularization was associated more 
frequently with G N R  infections (13/24, 54%), com- 
pared with valve replacement (5/17, 29%), in which 
Gram-positive isolates were more prevalent (see Table 
2), although no statistical difference was found. Re- 
vascularization with saphenous vein was not associated 
with a significantly greater number of Gram-negative 
isolates compared with cases using only mammary 
artery graft (10/16, 62.5% versus 3/6, 50%). 
The chest radiograph showed mediastinal widen- 
ing in 13 patients (29%). Computerized tomography 
(CT) was performed in the first 2 weeks in 22 patients, 
when the diagnosis of PSSM was not clear. The CT 
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scan showed an anterior mediastinum collection with 
areolar, hypodense and heterogeneous images in 18 
patients (82%). The mean density was -48+-36 
Hounsfield Units (HU) (range -97 to +15 HU). The 
wide range of density and the changes in the media- 
stinum produced by the operation made this technique 
not particularly helpful in establishing the diagnosis in 
the early period: the radiologist diagnosed PSSM in 
only eight (36%) cases. 
Treatment and results 
When a diagnosis of PSSM was established, empirical 
antimicrobial treatment was started and modified, if 
necessary, according to the antibiogram of the culture 
obtained. Mean? SD duration of the antimicrobial 
treatment was 35t18 days (median 31; range 20-80). 
Surgical treatment was performed in 43 patients. Two 
patients died before going to the operating room, one 
of them with pneumonia and the other with prosthetic 
endocarditis. The surgical procedure in four patients 
was incision and drainage of any involved area in the 
sternum and the mediastinum, as needed. These 
measures were combined with local irrigation with 
antiseptic agents, postural drainage, and the application 
of dressings soaked in povidone-iodine solution. With 
this method, two patients recovered and two developed 
chronic osteomyelitis later. In the remaining 39 
patients, wide rnediastinal debridement was used, 
placing drainage tubes with continuous povidone- 
iodine irrigation and primary closure of the sterno- 
tomy. With this method, 34 patients recovered (87%), 
although three patients died in the early postoperative 
period with pneumonia and multi-organ failure and 
another patient died with prosthetic endocarditis. Five 
patients were not cured and a second operation was 
performed early in four, using the ‘open’ method. Two 
patients healed by secondary intention but the other 
two died from sepsis and massive hemorrhage from 
exposed mediastinal vessels. The remaining patient 
developed a chronic osteochondritis which required 
multiple interventions later. Thus, the overall mortality 
was nine patients (20%), although only two deaths were 
clearly related to PSSM. The mortality was higher in 
cases of PSSM caused by GPC (7/23, 30.4%) than in 
cases with G N K  (2/19, 10.5%) but the difference was 
not significant. 
The duration of total hospital stay (mean&SD) was 
similar in both groups: 81 k 2 7  days (GNR infections) 
versus 81 +-39 days (GPC infections). 
DISCUSSION 
The reported incidences of PSSM have ranged from 
0.4%) to 5.9% [3-6,X-10,13-18,26-301 but there may 
well have been under-reporting. In our 9-year study, 
mediastinitis developed in 2.5% of patients. The low 
incidence reported in 1988-9 can be explained because 
in that period the infection surveillance was carried out 
by surgeons. Since 1990 an infection consultant has 
been regularly employed and this probably reduced 
reporting bias [31]. 
The most common pathogens isolated remain 
GPC (especially Staphylococcus aureus and Staphylococcus 
epidevmidis), although G N R  and mixed infections 
have been frequently described in recent reports 
[8,9,14,26,32,33]. Surgical wound infection is generally 
attributed to exogenous microbial seeding during an 
operation, and the occurrence of such seeding during 
the postoperative period is viewed as being uncommon 
[34]. Several host factors have been considered to 
increase the risk of deep sternal infection [6,13-191 but 
intraoperative wound contamination has been con- 
clusively demonstrated only in a small number of 
cases [35,36]. In contrast, some reports have suggested 
that events during the postoperative critical care period 
may lead to postoperative establishment of deep 
sternal infections [37-421. Postoperative occurrence of 
bacteremia, and contamination of mediastinal and 
pleural drainage tubes [43] and of endotracheal tubes, 
urinary and intravascular catheters [37,38,43] and use of 
tap water for bathing [42], have specifically been des- 
cribed as initiating sternal infections. Rosendorf et a1 
compared the incidence of cutaneous Gram-negative 
colonization and postoperative infection in 22 patients 
undergoing cardiac procedures. Only 9% manifested 
preoperative colonization of the nose, throat, a d a  or 
groin. However, 91% became colonized by Grani- 
negative organisms in the postoperative period, usually 
in the intensive care unit, and three of them experienced 
an infectious complication with an organism identical 
to that cultured from a site of cutaneous colonization 
[43]. The hands of nursing personnel grew Gran- 
negative organisms in 70% of random cultures and 
respiratory care equipment was often contaminated. In 
our report, more than half of our patients with PSSM 
caused by G N R  had the same organisms isolated from 
the mediastinum and a different site, usually pulmonary. 
Patients with G N R  infections had significantly more 
duration of bypass and experienced prolonged 
ventilatory support before the diagnosis of PSSM was 
evident. Re-exploration for hemorrhage tamponade, 
low cardiac output, prolonged ventilatory support 
[3,6,13,15,19,32] and a concomitant infection in other 
organs have been considered risk factors for developing 
mediastinitis after cardiac surgery [4,5,9,10]. Gram- 
negative infections in this study were more frequent in 
patients with CABG surgery. Two earlier studies have 
suggested that the Gram-negative species are transferred 
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with the donor vein during bypass grafting [30,32]. 
However, no comparison was made with other possible 
causes. We did not observe more Gram-negative in- 
fections in this study when saphenous vein was 
employed, and the higher incidence of infections in 
patients undergoing CABG was probably due to the 
poorer postoperative condition with more duration of 
bypass and mechanical ventilation. 
Gram-negative wound infections in this report 
were diagnosed early when compared with Gram- 
positive cases. Two authors [3,26] reported the same 
feature but it should be noted that they defined the 
incubation period as the interval between initial sterno- 
tomy and re-exploration for mediastinitis. Further- 
more, in the report of Bor et a1 [26], most patients with 
Gram-negative infections were bacteremic (82% versus 
36% of patients with Gram-positive mediastinitis), 
predisposing perhaps to an earlier surgical re-explora- 
tion. In our study, diagnosis of PSSM was usually 
established by the physician attending the patient when 
the first symptoms developed. Patients with GNR 
infections were usually in a worse condition, with 
concomitant pulmonary infections and prolonged 
ventilatory support. In those circumstances, prompt 
suspicion of PSSM was probably considered. 
Most of the patients at our hospital were treated 
according to standards for practice described in the 
literature [10,21,22] and cure was obtained in 87% of 
cases. Opposed to this, a high proportion of the patients 
treated without wide sternal debridement experienced 
a relapse. This latter surgical approach was adopted 
because the initial diagnosis was wrong. Distinguishing 
between superficial and deep sternal wound infections 
is not always easy and no single test can conclusively 
exclude a smoldering sternal infection. In the early 
postoperative period, radiologic evidence of media- 
stinitis is difficult to discern [44-461. Systemic illness 
and bacteremia (51% of patients in this study) are 
characteristic but they are not present in all patients 
[47]. Furthermore, the sternal wound abnormality may 
be a late sign. We agree with Serry et al that successful 
management of PSSM needs extensive surgical 
debridement [48]. 
Despite the severity of this complication, mortality 
associated with PSSM in this report was low (4.4%), 
and other conditions (pneumonia, unstable hemo- 
dynamic condition) are responsible for the higher over- 
all mortality (20%). We observed a higher rate of deaths 
in patients with GPC PSSM but it should be stressed 
that two patients in this group also had early prosthetic 
endocarditis, which has also been recognized as a 
complication of postoperative mediastinitis [49,50]. 
Prophylactic antibiotic administration in cardio- 
pulmonary operations is now accepted as standard 
practice. Although one group has reported good results 
without antibiotic [51], others have not [52-551. A 
survey among British cardiac surgeons showed that 84% 
use one or more broad-spectrum antibiotics for 2-3 
days after operating [56]. However, many reports have 
shown that the use of prophylaxis, particularly when 
broad spectrum or prolonged, is associated with a 
change from a sensitive Gram-positive to a resistant 
Gram-negative infecting flora [57-591. In our hospital 
we utilized antimicrobial prophylaxis against Gram- 
negative organisms in the initial period and the rate of 
infections did not differ from that in later years, in 
which only vancomycin was employed. Furthermore, 
the routine use of postoperative prophylaxis with a 
cephalosporin for periods of up to 5 days until removal 
of thoracic drainage may have promoted selection of 
Gram-negative species as colonizers of patients in 
critical care units, thereby permitting infection with 
these bacteria postoperatively [60]. In this study, 
antibiotic prophylaxis was appropriate for micro- 
organisms frequently isolated in our hospital but 37.7% 
of infections were produced by sensitive bacteria, 
despite the regimen used. This suggests that infection 
originated from a remote source in the postoperative 
period, when prophylaxis was finished. Thus, we 
believe that substantial evidence now exists to implicate 
remote-site infections that arise during postoperative 
critical care as a source of the pathogen involved in the 
deep sternal infection that may develop later in the 
same patient. Some of the remote-site infections may 
be preventable. Early endotracheal extubation and 
removal of vascular, mediastinal and urinary catheters 
will minimize the incidence of bacteremia. If pro- 
longed ventilatory support is required, consideration 
should be given to the use of cricothyroidotomy instead 
of tracheostomy. An ongoing educational program 
directed at the paramedical and nursing staff should re- 
inforce techniques of aseptic care and thereby lessen the 
incidence of local or hematogenous wound infection. 
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